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As used in the above , "person acting on behalf of the Commission" includes any employee or contractor of the Commission, or employee of such contractor, to the extent that such employee or contractor of the Commission, or employee of such contractor prepares, disseminates, or provides access to, any information pursuant to his employment or contract with the Commission, or his employ-!Uent with ouch contra('tnr Printed in USA. Price $ 1 A titration based upon the addition of excess base and back titration of the borate ion could not be accomplished with any degree of accuracy. It should also be noted that cyanuric acid is too strong for a simul'Caneous titration of cyanuric acid and complexed boric acid.
Several systems were tried for the extraction of boric acid or cyanuric acid from t:he mixttit'e; however, the solubilities of the two materials are remarkably similar in all systems investigated except water.
Water could not be used as an extraction solvent owing to the occlusion of boric acid within the plastic-coated cyanuric acid particles. Not much effort was expended on extraction systems, as simple extraction is not normally capable of extreme· accuracy, It became evident that for acceptable results the boric acid and cyanuric acid must be separated quantitatively, On first inspection it would appear that, because cyanuric acid is an organic compound as are all other secondary components (binders) of the mixtures in question, it' could be removed by oxidation or pyrolysis. In practice, however, cyanuric acid is extremely resistant to oxidation, particularly in the presence of boric acid. It also was found that the vapor pressures of boric acid and its anhydride are too high for_ separation of the mixture by a simple pyrolysis.
Direct oxidation in a calorimeter bomb was so difficult as to be virtually impossible for quantitative work. When the sample was pelletized with a large amount of benzoic acid, combustion appeared to be complete; however, after careful recovery of the sample from the cup and walls of the bomb, results were still high. No oxygen bomb combustion was ever complete.
Schoniger o~yien fl ;\ik combuBtiou::i wl:!re tried. Even with additional fuel and combustion catalysts, quantitative results were never obtained.
Carius oxidations were attempted; however, oxidation was so incomplete in several tr.ial runs that the method was soon dropped.
Several attempts were made to oxidize the sample in a sealed Parr bomb with 90% hydrogen peroxide. No appreciable reduction in the amount of cyanuric acid was observed at.reasonable temperatures. 
III. DEVELOPMENT OF THE METHOD
Methyl borate distillations had been used for the separation of 10 . boric acid from complex mixtures; however, it was feared that cyanuric acid would depolymerize into cyanic acid and codistill. Extensive tests proved that cyanuric acid did not depolymerize at the boiling point of methanol. It was also found that boric acid, in samples free of water, can be quantitatively distilled using only absolute methanol.
By using a simple semimicro steam distillation apparatus with absolute methanol, 25 mg of boric acid could be distilled with 99.4% recovery in the first 15 ml of distillate; h~ever, distillation should be continued to at least 25 ml for quantitative recovery of the boric acid.
Owing to the volatility of methyl borate, the distillate was collected in a 50-ml volumetric flask immersed in an ice bath and containing a mannitol solution. It was found that the presence of a very small amount of a.cidic impurity in the methanol did not cause an .appreciable error, and its presence was ignored. A direct coulometric titration of boric acid was found to give a precision at the 95% confidence level of± 0,17% on a :l.3~ to 1.5-mg sample. This corresponds to an expected relative error· of ± 0.06% on mix analyses, asswning the mixtures to be 25% to 28% H 3 Bo 3 • However, the accuracy of the coulometric titration was found to vary markedly with the working electrode current density. By checking current efficiency with and without mannitol, and with different supporting electrolytes, the variation was found to be due, surprisingly, to the reduction of Titration cell, as shown in Fig. 1 Distillation apparatus, as shown in Fig. 2 Suitable constant-current power supply pH meter or electrometer for end point detection Procedure:
1. Sampling
The sample as received should be ground and quartered. The final sample is ground as finely as possible, and a sample of sufficient size to contain 20 to 40 mg of boric acid is weighed out. The ground sample should not be sieved, as this often leads to segregation of components. The relatively large sample size is specified to minimize sampling error, which can be the major source of error in the analysis of this type of mixture.
Distillation
The outer tube of the apparatus shown in Fig When distillation is complete, the distillate is warmed to redissolve any mannitol that has precipitated. Upon cooling to 20°C 1 the distillate is made up to volume with water and is mixed by inverting at least six times.
Titration
A 1-ml sample of saturated sodium nitrate is placed in the small compartment of the coulometric cell, and water is added to approximately the correct height to match the expected volume in the large compartment. The liquid level in the large compartment should be slightly above that in the small compartment during the titration. Time is allowed for complete wetting of the fritted disc. An aliquot of distillate, containing the desired amount of boric acid, is pipetted into the large cell. Innnediately after the sample, 7.5 ml of mannitol-sodium nitrate solution is added to the cell, and the cell is assembled. The sample is titrated by usual coulometric technique (generating electrode negative). 2 The current density must not exceed 1.0 ma/cm during the process.
The current output of the constant-current power supply used in the titration should be checked during a titration. If the current varies significantly with load, the current/time curve should be integrated by Simpson's Rule to give an accurate value for the total number of coulombs used.
The method of end point location and the necessity for integrating the current/time curve will depend upon the desired accuracy and precision.
The weight of boric acid in milligrams in the sample can be The standard deviation of the method, calculated from data obtained over a period of eight years with four different operators and three different types of distillation apparatus, has been found to be ± 0.21%.
